
Abstract—This paper based op Heuristic method to solve the 
short-term variable head hydrothermal geperatiop schedulipg 
problem. It uses Heuristic search method to fipd the result of  
all  thermal apd hydro power plapts  optimizatiop.  Numerical 
experimept show, this method to solve the pop-lipear problem 
with its available of copstraipts ip acceptable time.

Index  Terms—Variable  Head  Hydro-thermal  geperatiop 
system, Heuristic search method apd maximum iteratiops.

1. INTRODUCTION

The optimum hydro and thermal generation scheduling of 

an electric  power  system is the find of  the generation  for 

every generating station such that the total system optimum 

generation cost is minimum while satisfying the  constrains. 

However due to insignificant operating cost of hydro plants 

the  scheduling  problem essentially  reduces  to  minimizing 

the fuel cost of thermal plants constrained by the generation 

limits, available water, and the energy balance condition for 

the given period of time.

This paper is based on hybrid based on a Heuristic search 

method  which  finds  the  optimization  schedules  of  all 

hydroelectric and thermal power plants optimization without 

decomposition. The computational results with hydrothermal 

test system demonstrate that programming is an efficient and 

advantageous  optimum  method  to  solve  the  short-term 

planning task.

2. HEURISTIC SEARCH METHOD

This method is not found the best solution but guaranteed 

the find good solution in reasonable time, and increases the 

efficiency, useful in solve the problems which, Could not be 

solved any other way, and Solutions take an infinite time or 

very long time to compute.

3. PROBLEM FORMULATION

This problem formulates and solve in mathematically

Fi(Pik)  The  cost  of  a  fuel  function  of  thermal  power 

generating in the Interval k.

S j  — Reservoir surface area of j
th

 reservoir.

tk  — Duration of the k
th

 sub –interval.

PDk  — Load demand during the k
th

 sub-interval.

V j —Available  water  for  whole  period  for  j
th

 

hydro unit.

Pik —Power  plant  of  i
th

  thermal  generation  in 

k
th

 interval.

Pi

max
—Maximum energy of i

th
generating thermal 

and hydro unit in MW.

Pi

min
—Maximum energy of i

th
generating thermal 

and hydro unit in MW.

ai ,bi ,c —  Coefficients  of  cost  the  i
t h

 thermal 

units.

x j , y j , z j —  Coefficients  of  Discharge  the j
t h

 

hydro plant.

α j , β j, γ j –  Discharge  coefficients  of  head  of  the 

j
t h

 hydro plant.

Fi – Thermal cost of the i
t h

unit.
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 ௝௞-the discharge rate from the  ݆𝑡ℎ hydro in the ݇𝑡ℎ interval. ℎ௝௞-Head of  ݆𝑡ℎ  hydro unit during  ݇𝑡ℎ subݍ

interval. ܫ௝௞ -Inflow in  ݆𝑡ℎ   hydro plant in ݇𝑡ℎ  interval. 𝑃௅௞-Transmission losses during the ݇𝑡ℎ 

interval. ݎ௞ - Penalty parameter. 

j- Index for hydro units. 

i-Index for thermal units. 

k- Index of time period. 

B- Coefficients of transmission losses. 

Y- Mutation factor. 

M- Number of hydro plants. 

T- All period for generation scheduling. 

N- Number of thermal units 

ܬ  ݁ݖ݅݉݅݊݅ܯ  ∑ ∑ ௞ே௜=ଵ𝑇௞=ଵݐ 𝐹ሺ𝑃௜௞ሻ ………….  ሺͳሻ   

 

1. Energy  continuity equation ∑ 𝑃௜௞ே+ெ௜=ଵ 𝑃𝐷௞𝑃௅௞          ……………… . ሺʹሻ           
2. Water continuity equation 

      ∑ ௝௞𝑇௞=ଵݍ௞ݐ = ௝ܸ. . ሺ͵ሻ   ( j = 1,2.....M ) 

......(3) 

3. Minimum and maximum limit on 

discharge ݍ௠௜௡  ≤ ≥ ݍ ௠𝑎𝑥ݍ  ……………………… . ሺͶሻ    
 

      4. Maximum and minimum limit on 

hydrothermal generation 

           𝑃௜௠𝑎𝑥 ≤ 𝑃 ≤ 𝑃௜௠௜௡       … . . … .………… . ሺͷሻ 

5. Maximum and minimum limit storage on 

reservoir ℎ௠௜௡  ≤ ℎ ≤  ℎ௠𝑎𝑥 …………… . ሺ͸ሻ 
6. Total water discharge for 24 hrs 

= Vt  ...............................(7) 

 

 

3. APPLICATION OF ALGORITHM TO 

THE variable head hydrothermal scheduling 

Parent function is generating by use random 

numbers is given below.      𝑃௜௞ = 𝑃௜௠௜௡ + ௜௞[Ͳ,ͳ](𝑃௜௠𝑎𝑥݀݊ܽݎ − 𝑃௜௠௜௡)    

  ݅ = ͳ,ʹ, …ܰ + ;ܯ      ݇ = ͳ,ʹ, … , ܶ ሻ 

4. COMPUTER IMPLEMENTATION 

Implementation of program written in Matlab  

Version 2013 Institute of Technology 

 Gopeshwar, Chamoli to run on Acer Pc 

 compatible. Have tested. 

 5. PROBLEM 
 
 The system test consists of hydro and thermal 

generation plant as  

The operating cost is given by- 𝐹ଵሺ𝑃ଵ௞ሻ = ܽ𝑃ଵ௞ଶ + ܾ𝑃ଵ௞ + 𝐶ͳ          ܴݏ/ℎ 𝐹ଶሺ𝑃ଶ௞ሻ = ܽ𝑃ଶ௞ଶ + ܾ𝑃ଶ௞ + 𝐶ଶ          ܴݏ/ℎ 

The variation rates of discharge of hydro 

generating station are given by quadratic 

function of effective head and active hydro 

power.      𝜙ሺ ଷܹ௞ሻ = ଵݔ ଷܹ௞ଶ + ଵܹݕ + ଷ/ℎ   𝜙ሺݐ݂ܯ      ଵݖ ସܹ௞ሻ = ଶݔ ସܹ௞ଶ + ଶݕ ସܹ௞ +  ଷ/ℎݐ݂ܯ      ଶݖ

    𝜓ሺℎଵ௞ሻ = ଵℎଵ௞ଶߙ + ଵℎଵ௞ߚ + 𝜓ሺℎଶ௞ሻ ݐ݂      ଵߛ = ଶℎଶ௞ଶߙ + ଶℎଶ௞ߚ +      ݐ݂       ଶߛ
The reservoirs have small capacity and vertical 

sides. The coefficients of fuel cost, discharge 

coefficients of hydro plants, constant of 

proportionality, water available, surface area, 

initial height of the head, maximum and 

minimum power limits, load demand and water 

inflow are given in respectively. The B 

coefficients of the power system network are 

given by 

B=

[  
  

000070.0000065.0000013.0000015.0

000065.0000068.0000010.0000015.0

000013.0000010.0000060.0000010.0

000015.0000015.0000010.0000140.0

]  
  
 

MW-1 
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Table 5.1 Thermal unit cost function 

coefficient 

 

       

Unit 

 ࢏ࢇ   
(Rs/ࢃࡹ૛h) 

 ࢏࢈
(Rs/MWh) 

 ࢏ࢉ
(Rs/h) 

1 0.0025 3.20 25.0 

2 0.0008 3.40 30.0 

 

Table 5.2Water discharge rate hydro generation 

function 

 

       

Unit 

 ࢏࢞   
(M𝒇࢚૜/ࢃࡹ૛h) 

 ࢏࢟
(M𝒇࢚૜/MWh) 

1 0.000216 0.306 

2 0.000360 0.612 

 

Table 5.3 Water discharge rate head function 

 

       

Unit 

 ࢏ࢻ
  (ft/ࢎ૜) 

   ࢏ࢼ   
(ft/ࢎ૛) 

1 0.00001 -0.0030 

2 0.00002 -0.0025 

 

Table 5.4 Reservoir data 

       

Unit 

Constant of 

proportionality ࢐ࡷ 
Volume 

of 

water  ࢐ࢂ  
(M𝒇࢚૜) 

Surface 

area  ࢐ࡿ  
(M𝒇࢚૛) 

Initial 

height 

 ࢐૙ࢎ 

(ft) 

1 1 2850 1000 300 

2 1 2450 400 250 

 

Table 5.5 Power generation limits 

 

       

Unit 

Minimum Limit 

(MW) 

Maximum Limit 

(MW) 

1 135 281 

2 316 759 

3 252 439 

4 11 184 

 

 

 

 

 

 

Table 5.6 Load demand and water inflows 

 

Interval 

(hrs) 

Load 

demand ࢃ𝑫 

(MW) 

Water 

inflow I1   ሺࡹ𝒇࢚૜/ࢎሻ 

Water 

inflow 

I2  ሺࡹ𝒇࢚૜/ࢎሻ 

1 800 1 0.1 

2 750 2 1.3 

3 700 2.75 1.75 

4 700 2.9 1.95 

5 700 3 2 

6 750 3.25 2.25 

7 800 3.4 2.4 

8 1000 3.75 3 

9 1330 2 2.95 

10 1350 3.5 3 

11 1450 4.2 3.25 

12 1500 3 3 

13 1300 4.3 4.3 

14 1350 4.5 3.3 

15 1350 4.7 3.1 

16 1370 4 3.5 

17 1450 4 3.7 

18 1550 4.8 3 

19 1430 5 4 

20 1350 4.2 4.2 

21 1270 6.5 4.5 

22 1150 6.5 5.5 

23 1000 6.5 5.5 

24 900 5.4 5.5 

 

6. OPTIMAL SOLUTION FOR TEST 

SYSTEM 

The solution of hydrothermal generation 

scheduling of power systems presented here. 

The various parameters like population size is 

taken 20, variable-head hydro and thermal  

scheduling problem having two hydro unit and 

two thermal units has been solved using 

heuristic search method. Other different 
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parameters maximum iterations are set to 200, 

the obtained value of objective function using 

heuristic search method algorithm is Rs 

69588.9087 and obtained generation scheduled 

is given in Table 6.7. Result for variable head 

thermal and hydro generation with given load 

Table 6.8. Hydro and thermal acceleration 

coefficient ζ is 2.75.  
 

Table 6.7 Result for Variable Head Thermal 

and Hydro Generation With Given Load 

Demand 

Inte

rval 

(hrs) 

 ሻࢃࡹ𝑫 ሺࢃ

 ሻࢃࡹሺ ࡸࢃ

 ሻࢃࡹ૚ ሺࢃ

 ሻࢃࡹ૛ ሺࢃ

 ሻࢃࡹ૜ ሺࢃ

 ሻࢃࡹ૝ ሺࢃ

 

1 800.

0 

22.4

7132 

163.

4086

0 

386.9

8810 

260.0

5160 

12.0

2233 

2 750.

0 

19.6

5746   

156.

1801

0 

347.5

2210 

254.9

3180 

11.0

2260 

3 700.

0 

16.9

7471 

136.

0397

0 

317.8

6830 

252.0

0000 

11.0

6584 

4 700.

0 

16.9

7495 

136.

0528

0 

317.5

7830 

252.0

0020 

11.3

4275 

5 700.

0 

16.9

7157 

135.

4080

0 

316.0

2360 

253.5

7790 

11.9

6125 

6 750.

0 

19.5

0838 

135.

0197

0 

339.6

4540 

274.2

9460 

20.5

4816 

7 800.

0 

22.2

8995 

145.

3090

0 

376.0

2120 

268.4

5810 

32.5

0109 

8 1000

.0 

35.3

4188 

175.

6842

0 

474.6

4360 

318.1

4480 

66.8

6886 

9 1330

.0 

53.1

5791 

234.

2889

0 

620.7

9690 

397.0

2150 

131.

0498

0 

10 1350

.0 

66.3

6123 

260.

8087

0 

628.8

8100 

394.2

9370 

132.

3771

0 

11 1450

.0 

77.0

9708 

274.

1994

0 

676.7

2330 

426.1

5330 

150.

0202

0 

12 1500

.0 

82.7

7505 

275.

5876

0 

710.9

2650 

436.0

8850 

160.

1716

0 

13 1300

.0 

61.1

9148 

228.

0103

0 

625.7

1790 

374.6

8120 

132.

7816

0 

14 1350

.0 

66.2

9919 

225.

7735

0 

647.4

9660 

377.7

9110 

165.

2369

0 

15 1350

.0 

66.4

4700 

260.

4921

0 

614.0

1740 

384.7

6340 

157.

1732

0 

16 1370

.0 

68.3

9734 

258.

9971

0 

647.3

6740 

397.6

0600 

134.

4262

0 

17 1450

.0 

77.1

5711 

266.

6169

0 

700.3

3310 

389.9

9330 

170.

2134

0 

18 1570

.0 

91.2

0895 

280.

9060

759.0

0000 

438.9

9750 

182.

3046
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0 0 

19 1430

.0 

74.8

9027 

262.

1118

0 

667.0

5350 

403.9

0630 

171.

8182

0 

20 1350

.0 

66.2

6812 

236.

0091

0 

627.3

2050 

400.3

0470 

152.

6330

0 

21 1270

.0 

58.3

2116 

238.

5025

0 

598.3

1820 

368.7

0100 

122.

7986

0 

22 1150

.0 

47.3

2835 

200.

1043

0   

532.9

4000 

348.7

9880 

115.

4845

0 

23 1000

.0 

35.5

1199 

201.

6637

0 

469.3

1200 

317.6

4420 

46.8

9117 

24 900.

0 

28.4

9180 

175.

8057

0 

410.1

0490 

297.6

8770 

44.8

9268 

Table 6.8 Hydro and thermal acceleration 

coefficient ζ is 2.75. 

Inte

rval 

(hrs) 

𝒀ሺࢎ/࢙ࡾሻ 

𝒒૚ሺࡹ𝒇࢚૜/ࢎሻ 

𝒒૛ሺࡹ𝒇࢚૜/ࢎሻ 

 ૛ሺ𝒇࢚ሻࢎ ૚ሺ𝒇࢚ሻࢎ

1 2080.2

3100 

84.94

306 

13.14

447 

300.0

0000 

250.0

0000 

2 1893.9

4900 

82.99

728 

12.16

616 

299.9

1600 

249.9

7210 

3 1698.1

7800 

81.87

936 

12.20

703 

299.8

3580   

249.9

4900 

4 1697.0

9600 

81.85

790 

12.47

607 

299.7

5690 

249.9

2660 

5 1688.5

2100 

82.42

547 

13.07

883 

299.6

7840 

249.9

0480 

6 1779.7

2000   

90.22

420 

21.50

776 

299.5

9800 

249.8

8080 

7 1964.3

6100 

87.97

879 

33.37

463 

299.5

1200 

249.8

3450 

8 2488.3

6900 

107.2

6730 

68.38

697 

299.4

2830 

249.7

6240 

9 3360.9

7400 

139.8

4610 

137.2

7010 

299.3

2570 

249.6

0140 

10 3514.2

2900 

138.6

1530 

138.5

2630 

299.1

8990 

249.2

7020 

11 3787.6

2500 

152.3

6590 

158.0

3580 

299.0

5630 

248.9

3440   

12 3948.2

3500 

156.6

7760 

169.2

4230 

298.9

1040 

248.5

5560 

13 3355.2

6400 

130.1

1870 

138.2

3400 

298.7

6030 

248.1

4600 

14 3441.7

9900 

131.3

6800 

174.3

9470 

298.6

3020 

247.8

0360 

15 3447.4

8800 

134.2

5060 

164.9

0570 

298.5

0060 

247.3

7250 

16 3587.8

0600 

139.6

5220 

139.2

6860 

298.3

6840 

246.9

6590 

17 3859.3

9100 

136.3

4570 

179.0

7230 

298.2

3110 

246.6

2520 

18 4192.6

3400 

157.5

4370 

192.5

1660 

298.0

9770 

246.1

8500 

19 3689.4

6500 

142.1

5400 

180.1

1710 

297.9

4350 

245.7

1120 

20 3397.1

9500 

140.5

4550 

158.2

0740 

297.8

0560 

245.2

6920 
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21 3281.0

8600 

127.1

5690 

125.3

0370 

297.6

6820 

244.8

8240 

22 2834.6

5400 

118.9

1500 

117.2

8840 

297.5

4470 

244.5

7670 

23 2573.8

5900 

106.3

6080 

46.63

707 

297.4

2980 

244.2

9390 

24 2223.7

5300 

98.51

138 

44.63

926 

297.3

2790 

244.1

9110 

The period time is 

scheduled for 24h 

V1  =  2850.0008 Mft3 

Total operating 

cost=Rs 69785.88 

V2  =   2450.0007 Mft3 

 

 

Table 6.9 Total system operating cost w.r.t 

mutation factor 

POPULATION TOTAL SYSTEM 

OPERATING COST (Rs) 

F is 0.8 F is 0.85 F is 0.90 

10 69824.04 69885.60 69871.73 

20 69808.22 69841.59 69815.34 

30 69801.53 69800.95 69795.78 

40 69792.07 69799.72 69797.91 

50 69802.09 69829.59 69787.35 

60 69793.34 69804.51 69805.88 

70 69797.02 69796.89 69796.13 

80 69785.88 69798.11 69803.26 

 
XI=39 ZETA=0.26 ITERATIONS=100 

 

 Fig. 6.1 Operating cost over the population 

at different mutation factors 

Table 6.10 Total system operating cost w.r.t 

maximum iteration 

POPULA-

TION 

TOTAL SYSTEM OPERATING 

COST (Rs) 

Generation 

(Iterations) 

is 100 

Generation 

(Iterations) 

is 150 

Generation 

(Iterations) 

is 200  

10 69824.04 69824.04 69824.04 

20 69808.22 69808.22 69808.22 

30 69801.53 69801.53 69801.53 

40 69792.07 69792.07 69792.07 

50 69802.09 69802.05 69802.04 

60 69793.34 69793.34 69793.33 

70 69797.02 69796.84 69796.84 

80 69785.88 69785.42 69785.42 

    
XI=39  ZETA=0.26  F=0.8   

 

Fig. 6.2 Operating cost over the population 

at different maximum iterations 

Table 6.11 Comparisons of results 

Method Operating cost (Rs) 

Newton-Raphson 69801.08/- 

Heuristic search 

method 

69785.88/- 

 

 
  Fig 6.3 Comparison Chart 

69750

69800

69850

69900

0 50 100O
P

E
R

A
T

IN
G
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O

S
T

 

(R
s/

h
)

POPULATION

F=0.80

F=0.85

F=0.90

69780

69790

69800

69810

69820

69830

0 50 100O
P

E
R

A
T

IN
G
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O

S
T

 (
R

s/
h

)

POPULATION

ITERATIONS=

100

ITERATIONS=

150

ITERATIONS=

200

69801.08 69785.88

69720
69740
69760
69780
69800
69820

newton

raphson

method

heuristic

search

method

operating cost

(Rs)

Linear (

operating cost

(Rs))
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The total cost obtained from the heuristic search method 

is less as that of newton-rapson method [6].

Thus  it  can  be  concluded  that  heuristic  search  method 

technique  provides  optimum  results  the  newton-rapson 

method. It is better to use heuristic search method because 

newton-rapson  method  cannot  be  applied  to  the 

hydrothermal  scheduling  problem  having  prohibited  zone 

constraints..  While  implementing  heuristic  search  method 

there  is  no  need  of  initial  guess  of  power  and  water 

discharge. Hence it is better to use heuristic search method.

7. CONCLUSION

The  heuristic  method  is  based  and  used  to  solve  the 

variable-head  hydrothermal  scheduling  problem.  A 

hydrothermal  model  has  been  implemented  to  find  the 

optimum  power  generation  schedule  considering  the 

transmission power losses. The heuristic search technique is 

having  dynamic  characteristics  function  utilized  to  update 

the solution vector and improves the convergence properties 

of the algorithm.
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